Abstract-For the future optical sensing application, a simple, fast and cost-effective method to achieve exposed core is required for a good mass production and commercialization. Hence, this paper proposes sensing application with exposed core technology using Self-Written Waveguide (SWW) method. The SWW method uses a UV-curable resin and enables fabrication of an optical channel waveguide. SWW is known as an attractive and useful technique in optical interconnection. This SWW is passively aligned between two fibers from the end of the optical fiber under irradiation UV light. This makes the technology is a reliable exposed core technology for sensing application. A SWW with length of 800 micrometers is fabricated from the end face of the multi-mode optical fiber under irradiation with UV light. Experiment is done under several testing materials with different refractive index. The output optical power is decreasing as the refractive indexes of testing materials are increasing. Simulation is also done using ray-tracing method. From these results, it seems possible to apply this SWW using UV-curable resin in sensing application.
I. INTRODUCTION
Optical fibers can be utilized as sensors to measure strain, temperature, pressure and other parameters [1] . As an early and innovative quantification technology, the fiber-optic sensor has been established in different field such as material science, civil engineering and light-weight structure [2] . The fact that fiber-optic is high sensitivity gives this sensor advantages as the excellent candidate for monitoring environmental changes and offer many benefits over conventional electronic sensor [3] .
An optical fiber is composed of the core, cladding, and the coating. The core is a cylindrical rod of dielectric material, generally composed of glass. Light propagates mostly inside the core of the fiber [3] . By exposing the core, the penetrating light can effectively read the testing materials. The clad is just preventing the beams in order obtaining the sensing information.
Some of the conventional methods in order to remove the cladding are tapering method, etching method and polishing method. Polishing the fiber of a fiber-optic connector critically influences optical performance. It is highly susceptible to error. The polishing and etching process is quite complicated and crucial. It causes the fiber optically to ascertain defects and non-uniformities in the fiber [4] . Compared with the polishing method, taper method also has been successfully in exposing the core. This method is conducted under certain temperature [4] , [5] . The fiber then was tapered using an arc fusion splicer and pulling technique is applied. This method, unfortunately, results in changes in the mode field radius due to the heating process [6] . This method needs a better control of the heating process.
In this paper, a new simple, fast and cost-effective method in exposing core has been proposed and introduced. This method is using Self-Written Waveguide (SWW) using UVcurable resin. SWW was fabricated between two fibers as a preliminary experiment. By measuring the light intensity, the loss in SWW is investigated. Thus, this research is preparation of the self-written optical waveguide technology by exposing the core. In future, this exposing core fiber can be implemented in sensing application.
II. SELF-WRITTEN WAVEGUIDE (SWW)
Self-written waveguide (SWW) method is using a UV-curable resin and enables fabrication of an optical channel waveguide. An icicle-like is formed by this optical waveguide from the end face of multi-mode optical fiber under irradiation with UV light [7] , [8] . As the UV in the optical fiber reaches the UVcurable resin medium, the SWW will grow passively. The formation of the Self-Written Waveguide (SWW) is summarized in Fig. 1 .
This method is flexible and may allow significant advances in the practical application of optical interconnect technology since this approach produces very high coupling efficiency between the fiber and fabricated waveguide core inherently [9] , [10] . Extremely large coupling efficiency between the fiber and fabricated waveguide core can be achieved [9] - [11] . This SWW technology with UV-curable resin is gained not only high coupling efficiency in coupling technologies but also achieve practical packaging with simple alignment [7] , [11] . SWW technique has advantageous in several factors such as;
• low optical loss for signal with wavelength of 850nm, 1310nm and 1550nm which 0.08-0.10 (dB/cm), 0.27-0.29 (dB/cm) and 0.43-0.45 (dB/cm) respectively [12] .
• less fluctuation of optical coupling loss [14] • unnecessary alignment in between an optical wiring and an SWW [9] , [11] , [13] .
Moreover, previous studies in SWW has been introduced for the realization of optical interconnection [8] , [14] . The usage of this "optical soldering" technology is reducing the alignment difficulties. Fig. 2 shows the preliminary fabricated of SWW aligned between two fibers by using UVcurable resin with the length 800μm on top of V-groove. SWWs have been formed using UV irradiation from a silica optical fiber. Also, green or blue laser light can be applied in the fabrication [13] .
III. FABRICATION OF SELF-WRITTEN WAVEGUIDE (SWW)
A prototype of exposed core using SWW is fabricated. The fabrication process is summarized as follows: 1) Two fibers are aligned end to end on top of Vgroove. The V-groove, is crucial to align this two fibers. The spacing gap is about 800μm. The measurement has been done by using microscope.
2) The spacing gap was filled up with the UV-curable resin NP 206 (SUNCONNECT TM Nissan Chemical Industries, Ltd.)
3) Blue laser diode was introduced into the optical fiber for 60 seconds and being observed.
4) The SWW grew and solidified from the optical fiber end and reached to the end another optical fiber.
5) Uncured resin is being washed off using ethanol.
IV. SENSING EXPERIMENT
A sensing experiment on prototype of sensing application using SWW method is conducted. The prototype is being tested with air and a few materials with different refractive index which is water (n=1.33), ethanol (n=1.36) and cyclohexane (n=1.43). These liquid testing materials are dropped on the SWW between two fibers as shown in Fig. 3 . The wavelength of the laser beam is 850nm. The optical power ratio is the ratio of output optical power, It to input power of laser diode, Io. Fig. 4 shows plots of the optical power ratio versus refractive index using SWW as optical sensing application as the preliminary results of the sensing experiment. The graph shows the higher the refractive index, the lower the optical power ratio. This is probably because the optical confinement factor is weak as the refractive index of the testing materials is higher. It describes this sensing approach is reliable since it shows the distinct output power with difference refractive index of testing materials. 
V. ANALYSIS
For understanding the optical path function of the light propagation in the fiber-optic and SWW, a simulation work was carried out by ray-tracing software OptiCAD. OptiCAD is a computer program for the layout and analysis of threedimensional optical systems. Table 1 . The configuration of simulation and actual sample are a little bit different. It is because the testing region cannot be observed accurately. The actual refractive index of Self-Written Waveguide (SWW) is 1.5437. The refractive index of testing materials in part 2, diameters and lengths of clads and cores of each part are also according to the actual refractive index in fabrication.
Films which display ray locations on their surface are aligned between parts. Diameters of the films are 0.05mm. There is input and output films are set as in Fig. 5 . Apertures are aligned slightly before the film. The function of the aperture is the stopper as preventing the rays reflecting back.Then using the OptiCAD, an analysis on refractive index dependency is done.
Refractive index dependency is analyzing the ratio of number of rays struck on films as refractive index of testing material in part 2 are changing. Fig. 6 is the example of raytracing simulation on different refractive index of testing materials in part 2 for n= 1.5437.
Then, Fig. 7 shows plots of ratio of number of rays struck on film versus refractive index of testing materials. The graphs shows the optical power decreases as the refractive index of the testing material increased. Although this tendency is similar to the preliminary experiment result, more exact analysis should be necessary for quantitative discussion. VI. CONCLUSION
The fabrication of the SWW between two fibers is succeeded. Simulation by the ray-tracing method, comparison configurations of refractive index dependency was carried out. From the analysis, it showed that as the refractive index of testing materials is increasing, the optical beam striking the film is decreasing. This preliminary result indicates the sensing application using SWW method is applicable. To make quantitative discussion possible, more detail analysis seems needed. Especially it seems very difficult to depend only on power ratio for measurement. It is expected that application of single mode fiber and single mode SWW would make sensitivity and accuracy higher. Furthermore, application of fabricating grating on SWW surface would be attractive to enhance the sensitivity.
